Abstract The amount of wastewater treatment plants (WWTP) dealing with solid separation problems has significantly increased since the new requirements of the EU Directive 271/91 on nutrient removal. In Flanders a number of the nutrient removal WWTP are affected by solid separation problems mostly attributed to Microthrix parvicella being the most common dominant species. The effect of dosing polyaluminium chloride (PAX-14) on activated sludge is illustrated for WWTP solids separation problems, in particular because of Microthrix parvicella. The effects of the addition of PAX-14 on the microbiology and the morphology of Microthrix parvicella were studied in 9 full-scale WWTP. PAX-14 succeeded in reducing high SVI-values and controlled foaming problems whenever caused by Microthrix parvicella. Laboratory trials have shown that the dosage of PAX-14 should be less than 150 µL/L or 7 g Al 3+ /kg MLSS. At a dosage higher than 250 µL/L, an increase of free bacteria and a decrease of the protozoa activity are observed. In full-scale, PAX-14 is dosed at a concentration of 1.5 to 4.5 g Al 3+ /kg MLSS. Before addition, the mixed liquor scum layer -if present -should be removed. In our experience, the dosing should last for at least 3 weeks. During the first week, no drastic changes occur. At the end of the first week, an increase of SS and SVI is possible. The SVI and scum start to decrease after 10 to 15 days. The amount of filaments is reduced after 3 to 3 1 -2 weeks. The morphological properties of Microthrix parvicella change, while other filaments such as Nostocoida limicola and Nocardia spp. are not affected. This study proves that PAX-14 is effective in controlling bulking and foaming problems at WWTPs when they are due to Microthrix parvicella. Prediction of when the SVI will decrease and when addition should be stopped is possible.
Introduction
Activated sludge systems are the most used technology in Flanders for the treatment of domestic wastewater. All wastewater treatment plants (WWTP) serving agglomerations of more than 10,000 population equivalents are to comply with stricter standards on nutrients (nitrogen and phosphorus) since 31 December 1998. The amount of wastewater treatment plants dealing with solid separation problems has significantly increased since the upgrading of conventional systems to nutrient removal. Problems associated with the Microthrix parvicella growth have significantly increased since.
One possible solution to control the problem is the dosage of polyaluminium chloride . This study will summarise long-term evaluation of PAX-14 dosage in Flemish municipal wastewater treatment plants suffering from severe bulking and/or foaming.
Full-scale experiments allowed us to compare the relative abundance of the different types of filaments in the activated sludge before and after the dosage of PAX-14 and its effect on the SVI and SS. The differences in visual appearance of the filaments and different behaviour to staining reactions are observed. Lab-scale experiments allowed us to evaluate the maximum dosage of PAX-14 and its influence on the amount of free bacteria, and activity of protozoa and filaments.
Methods and materials
Batch tests were carried out with a floc tester with 6 stirring plates and speed tuning between 20 and 300 rpm. The active volume of the batches was 1 L. The experiments were run with activated sludge samples diluted at a concentration of 2.0 ± 0.5 g MLSS/L. PAX-14 was dosed in different concentrations, namely: 0, 150, 250, 500 and 1,000 µL/L (i.e. respectively 0, 7, 12, 23.5 and 47 g Al 3+ /kg MLSS). In each experiment, a single dosage was added to the sludge. The samples were stirred for 15 minutes at 75 rpm. Microscopic analyses were done four hours after dosage.
Investigations of PAX-14 dosage were carried out on 9 full-scale WWTPs. This study began in November 1999 and lasted up until February 2001. All plants were low-loaded activated sludge systems dealing with bulking or foaming problems with Microthrix parvicella as a dominant or codominant filament. PAX-14 was applied only after other conventional control alternatives, such as increasing the oxygen level and decreasing MLSS (either because it was not successful or possible), or repeated scum removal seemed ineffective.
Sampling started 1 week before addition and ended 2 weeks after ending the dosage. Depending on the severity of the sludge separation problem, samples were collected once or twice a week and sent overnight to the lab. During transport, the samples were kept in cooling boxes (<10°C). The samples were stored at 2.5 ± 1.5°C before analysis. Microscopic analyses were performed the next day, samples were observed using phase contrast microscopy at a 200, 400 and 1,000× magnification on an Olympus BX-50 microscope. For each sample, Neiser and-Gram-stainings were observed for filament identification.
Results

Lab tests
The experiments have shown that the critical PAX-14 dosage is between 150 and 250 µl/L (i.e. between 7 and 12 g Al 3+ /kg MLSS) at an MLSS concentration of 2 g/L. Dosing 500 and 1,000 µL/L resulted in death of part of the biomass. At 250 µL/L, the protozoa are less active and at 150 µL/L there are no differences observed with the reference sample.
Full-scale observations
Our results indicate that during the first week of the PAX-14 dosage no drastic changes on the sludge characteristics occur (data not shown). In some cases, at the end of the first week of dosage both suspended solids in the WWTP effluent and the SVI in the mixed liquor have increased. After 10-15 days, while the SVI decreases and the scum disappears, the amount of filaments in the activated sludge sample still does not change significantly. The Gram-staining properties of Microthrix parvicella do change, the positive staining converts into a variable Gram-staining, this probably due to changes in the cell wall structure.
T. Roels et al. The polyphosphate inclusions diminish as observed in the Neisser-staining. The morphological features of Microthrix parvicella also change upon prolonged dosage. After 2 1 ⁄2-3 1 ⁄2 weeks the surface of the filament is not smooth any more but partly covered with debris; the cells get gradually swollen. In parts of the filament cell-lysis can be observed, and some filaments are broken up in shorter threads. A decrease of the amount of filaments is seen after 3-3 1 ⁄2 weeks. At the municipality-of-Zele WWTP, the plant was suffering high SVI-values and severe foaming problems. Three filaments were dominant: Microthrix parvicella, Nostocoida limicola and Nocardia sp. When dosing PAX-14, the abundance of Microthrix parvicella diminished but the problems with the other filaments remained. This experience shows that genera like Nocardia and Nostocoida are not affected by the dosage of PAX-14. This has been confirmed from other experiences and regardless whether they are dominant or coexisting with Microthrix parvicella. At full-scale WWTP, PAX-14 did not adversely affect the population of protozoa.
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Discussion
The presence of Microthrix parvicella affects the results of dosing. The higher the relative abundance of Microthrix parvicella, the higher the impact on the SVI-decrease. The scum diminishes probably due to a loss of hydrophobicity.
Full-scale dosages of PAX-14 range from 1.5 to 4.5 g Al 3+ /kg MLSS.day depending on the sludge retention time (SRT); the lower the SRT the higher the dosage. The following empirical formula is used:
The removal of the scum layer before dosing allows the concentration and time of dosage to be kept at a minimum. Dosage should be combined with high oxygen concentration in the aeration (i.e. above 2.5 mg/L) and the MLSS concentration low (i.e. under 2.5 g/L) since Microthrix parvicella grows well at low oxygen levels (Knoop and Kunst, 1998; Slijkhuis et al., 1984) . Recirculating filaments, which have stored energy reserves, from the thickener back to the aeration basin should be especially avoided during dosing. Since PAX-14 is also capable of chemical dephosphatation, the amount of FeCl 3 can be reduced or even stopped. These findings agree with literature (Eikelboom, 1997) . 
Conclusions
This study shows that PAX-14 dosage is effective to contain bulking sludge from Microthrix parvicella and ineffective for Nostocoida limicola and Nocardia spp. Laboratory experiments have shown that the dosage of PAX-14 should be lower than 150 µL/L or 7 g Al 3+ /kg MLSS. A dosage of PAX-14 of 1.5 to 4.5 g Al 3+ /kg MLSS seems appropriate. The findings show that the lower the sludge age the higher the concentration of Al 3+ /kg MLSS. Optimal dosing is effected only when the scum layer is removed.
Dosing is recommended in the recycle activated sludge stream and for at least 3 weeks. In the first week, there are no drastic changes, at the end of the first week an increase of SS and SVI is possible. Both SVI and the scum layer start to decrease after 10 to 15 days. The amount of filaments is reduced after 3 to 3 1 -2 weeks. The morphological properties of only Microthrix parvicella change, the other filaments remaining unaffected.
